To study mechanisms underlying Rev-Erb regulation of macrophage gene expression, we first determined genome-wide binding profiles in RAW264.7 macrophages engineered to contain biotin-tagged Rev-Erbα and Rev-Erbβ. Chromatin immunoprecipitation linked to deep sequencing (ChIP-Seq) indicated enrichment for both Rev-Erbα and Rev-Erbβ at the promoter of the circadian target gene *BmalI* ([Supplementary Fig. 1a](#SD1){ref-type="supplementary-material"}), in accordance with previous studies^[@R1],[@R7]^. We focused on a core set of highest confidence peaks (n = 1,544) occupied by both proteins for detailed analysis ([Fig. 1a](#F1){ref-type="fig"}, [Supplementary Fig. 1b](#SD1){ref-type="supplementary-material"}). The majority (\~90%) of Rev-Erb peaks were in intra- and intergenic regions at least 1 kilobase (kb) away from annotated transcription start sites ([Supplementary Fig. 1c](#SD1){ref-type="supplementary-material"}), exemplified by binding sites vicinal to the *Mmp9* and *Cx3cr1* genes ([Fig. 1b](#F1){ref-type="fig"}). In addition, \~70% of Rev-Erb bound sites were in regions demarcated by high H3K4me1 and low H3K4me3, a combination characteristic of enhancer elements^[@R9]^ ([Fig. 1a](#F1){ref-type="fig"}). *De novo* motif discovery of Rev-Erb-bound loci returned significant enrichment for binding sites for Rev-Erb, PU.1, AP1 and C/EBP ([Fig. 1c](#F1){ref-type="fig"}). PU.1, AP-1 and C/EBP transcription factors are required for macrophage differentiation^[@R10]^ and have recently been shown to select the majority of the enhancer-like elements in macrophages^[@R11]^. Co-localization of Rev-Erbs with PU.1 and C/EBP in macrophages was confirmed by comparison with direct binding data for these factors^[@R11]^ ([Fig. 1a, b](#F1){ref-type="fig"}). Consistent with these findings, a majority of the Rev-Erb bound sites defined here localize to enhancer-like elements specific for macrophages ([Supplementary Fig. 2a,b](#SD1){ref-type="supplementary-material"}).

We next performed Global Run-On sequencing (GRO-Seq)^[@R12]^ in Rev-Erbα/Rev-Erbβ-deficient and wild type bone marrow derived macrophages (BMDMs) from *Tie2-Cre; Rev-Erb*α*^flox/flox^*; *Rev-Erb*β*^flox/flox^* (DKO) animals and Cre-negative littermates (WT). *Tie2-Cre* expression in hematopoietic stem cells^[@R13]^ resulted in excision efficiencies in DKO macrophages of 85% for Rev-Erbα and 92% for Rev-Erbβ ([Supplementary Fig. 3](#SD1){ref-type="supplementary-material"}). GRO-Seq analysis indicated that 142 mRNAs were significantly up-regulated in DKO macrophages (p-value \< 0.005), while 71 genes were down-regulated (p-value \< 0.005) (Supplemental Table 1). Quantitative reverse transcriptase-dependent PCR confirmed up-regulation of *Mmp9* and *Cx3cr1* mRNAs in Rev-Erb DKO macrophages ([Fig. 1d](#F1){ref-type="fig"}). Conversely, constitutive expression of either Rev-Erbα or Rev-Erbβ in RAW264.7 macrophages resulted in repression of *Mmp9* and *Cx3cr1* expression ([Fig 1e](#F1){ref-type="fig"}, [Supplementary Fig. 4a,b](#SD1){ref-type="supplementary-material"}). Analysis of multiple independent clones indicated that the extent of *Mmp9* and *Cx3cr1* repression correlated with Rev-Erb expression levels ([Supplementary Fig 4c-f](#SD1){ref-type="supplementary-material"}). Genes that were up-regulated in DKO macrophages were significantly closer to Rev-Erb binding sites than down-regulated genes ([Fig. 1f](#F1){ref-type="fig"}), consistent with primary roles of Rev-Erbs as transcriptional repressors. However, only 3 of the 142 up-regulated genes had Rev-Erb peaks within 2kb of annotated transcription start sites, suggesting that Rev-Erbs primarily act to repress gene expression at distant enhancer-like elements.

We next tested genomic regions containing Rev-Erb binding sites for enhancer activity. A 983bp region surrounding the Rev-Erb-bound site at −5kb from the *Mmp9* transcription start site (TSS) was cloned downstream of a luciferase reporter driven by a TATA-like promoter ([Fig 1g](#F1){ref-type="fig"}). This region increased reporter gene activity in RAW264.7 macrophages and was sensitive to Rev-Erb repression ([Fig 1g](#F1){ref-type="fig"}). In contrast, this element is inactive in a hepatoma cell line that lacks expression of PU.1 ([Supplementary Fig. 5](#SD1){ref-type="supplementary-material"}). RAR-related orphan nuclear receptors (RORs) also bind to Rev-Erb response elements and constitutively activate gene expression^[@R14]^. Consistent with this, we found that constitutive expression of RORα increased activity of the Mmp9 enhancer element ([Supplementary Fig. 6](#SD1){ref-type="supplementary-material"}). Co-expression of wild type Rev-Erbβ, but not Rev-Erbβ with a mutation disrupting sequence-specific DNA binding, antagonized RORα activation ([Supplementary Fig. 6](#SD1){ref-type="supplementary-material"}). Six of six other Rev-Erb-bound distal regions chosen for analysis were activated by RORα, four of which were antagonized by Rev-Erb co-transfection.

Examination of GRO-Seq data at intergenic Rev-Erb binding sites exhibiting the enhancer histone signature H3K4me1^hi^/H3K4me3^lo^, indicated the presence of bi-directional transcripts ([Fig. 2a-c](#F2){ref-type="fig"}), consistent with recent studies indicating that RNAs are transcribed from distal enhancer elements on a genome-wide scale^[@R15]-[@R17]^. To determine whether transcripts were being initiated at enhancers, we modified the GRO-Seq protocol to detect nascent RNA with a 5′ 7-methylguanylated cap (5′-GRO-Seq). This methodology precisely localized start sites of well-characterized mRNAs ([Supplementary Fig. 7](#SD1){ref-type="supplementary-material"}) and identified eRNA initiation at 76% of the RevErb binding sites at enhancer-like regions of the genome ([Fig. 2a](#F2){ref-type="fig"}). The majority (56%) of these sites direct bi-directional transcription, exemplified by the *Mmp9* −5kb and *Cx3cr1* 28kb enhancers ([Fig. 2b](#F2){ref-type="fig"}). No significant GRO-Seq signal was detected in macrophages at locations of intergenic Rev-Erbα peaks in liver^[@R8]^ ([Fig. 2c](#F2){ref-type="fig"}), consistent with cell type specific eRNA expression.

To determine whether Rev-Erbs regulate eRNA expression, transcription of nascent RNA at Rev-Erb bound enhancers was examined in both loss and gain of function models. Rev-Erbβ binding was strongly associated with reduced 5'GRO-Seq signal at the most confident Rev-Erbβ binding sites ([Supplementary Fig. 8a](#SD1){ref-type="supplementary-material"}). Analysis of averaged 5'GRO-Seq signal at the top 100 Rev-Erb intergenic enhancers showed a marked decrease of eRNA initiation in macrophages overexpressing Rev-Erbα compared to control macrophages ([Fig 2d](#F2){ref-type="fig"}). Conversely, these same intergenic enhancers exhibited an overall increase of GRO-Seq RNA signal in Rev-Erb DKO macrophages ([Supplementary Fig. 9a](#SD1){ref-type="supplementary-material"}). In either loss or gain of function experiment, the eRNA signal at the top 100 PU.1-bound enhancers showed no significant changes (e.g., [Supplementary Fig. 9b](#SD1){ref-type="supplementary-material"}), indicating that changes in eRNA are specific to Rev-Erb-bound elements. Effects of gain or loss of Rev-Erb function on eRNA expression at the *Mmp9* −5kb and *Cx3cr1* 28kb enhancers were confirmed by RT-PCR ([Fig 2e,f](#F2){ref-type="fig"}). Overall, levels of de-repressed eRNAs in Rev-Erb DKO were inversely correlated to levels of eRNA repression upon constitutive expression of Rev-Erbα ([Supplementary Fig 8b](#SD1){ref-type="supplementary-material"}).

ChIP-Seq experiments demonstrated that gain or loss of Rev-Erb function also resulted in reciprocal loss or gain of H3K9 acetylation (H3K9ac) at Rev-Erb-occupied enhancers, respectively, ([Fig 1b](#F1){ref-type="fig"}, [Supplementary Fig. 10a,c, e-g](#SD1){ref-type="supplementary-material"}), consistent with Rev-Erb-mediated recruitment of NCoR/HDAC3 complexes^[@R7]^. In contrast, H3K9ac was not changed at the global set of PU.1-enhancers ([Fig. S10b, d](#SD1){ref-type="supplementary-material"}). Notably, constitutive expression of Rev-Erbα had no significant effect on H3K4me1 or PU.1 binding at Rev-Erb bound enhancer elements ([Supplementary Fig. 11a, b](#SD1){ref-type="supplementary-material"}), despite the profound changes in eRNA initiation ([Fig. 2b,d](#F2){ref-type="fig"}). Collectively, these results raised the possibility that Rev-Erbs repressed gene expression at a distance by regulating enhancer-directed transcription. Consistent with this possibility, changes in eRNA expression at Rev-Erb-bound sites due to gain or loss of Rev-Erb function were associated with changes in expression of the nearest mRNA ([Supplementary Fig. 12a, b](#SD1){ref-type="supplementary-material"}) and were better predictors than Rev-Erb binding itself ([Supplementary Fig. 12c, d](#SD1){ref-type="supplementary-material"}). In addition, although levels of eRNAs are low at steady state^[@R15]^, 5'GRO-Seq data suggest that the extent of engaged RNA Pol II at enhancers is often comparable to that at promoters, as exemplified by *Cx3cr1* and *Mmp9* ([Fig. 2b](#F2){ref-type="fig"}). Three experimental approaches were used to investigate whether the synthesis of enhancer-directed RNA transcripts contributed to enhancer activity. First, we designed siRNAs that specifically reduced expression of eRNAs associated with the *Mmp9* or *Cx3cr1* enhancers in primary WT macrophages. Reduced eRNA expression was associated with a corresponding reduction of *Mmp9* and *Cx3cr1* mRNAs, but not mRNAs from nearest expressing genes such as *NCoA5* and *Csrnp1*, respectively ([Fig. 3a-b](#F3){ref-type="fig"}). Furthermore, these siRNAs reversed the de-repression phenotype associated with increased eRNA expression in Rev-Erb DKO macrophages. Importantly, the siRNA directed against the plus strand Mmp9 eRNA had no effect on expression of the minus strand eRNA or binding of PU.1 to the Mmp9 −5kb enhancer ([Supplementary Fig. 13a, b](#SD1){ref-type="supplementary-material"}), thereby excluding potential silencing effects of the siRNA on the transcriptional activity of the −5kb enhancer itself.

As a second approach, we used antisense oligonucleotides (ASO) to knock down *Mmp9* −5kb and *Cx3cr1* 28 kb enhancer eRNAs. ASOs mediate nuclear RNA degradation via an RNase H pathway^[@R18]^. This provides an independent method for eRNA targeting, as siRNA-directed silencing may alter enhancer function through ways other than RNA degradation^[@R19],[@R20]^. We systematically screened ASOs targeting the *Mmp9* −5kb and *Cx3cr1* 28kb eRNAs ([Supplementary Fig. 14](#SD1){ref-type="supplementary-material"}) and selected subsets of the most effective ASOs for detailed analysis. ASOs exhibiting the ability to reduce *Mmp9* −5kb plus strand eRNA expression resulted in dose-dependent reduction of the corresponding *Mmp9* mRNA, but did not affect the *Cx3cr1* mRNA ([Fig. 3c](#F3){ref-type="fig"}). ASOs exhibiting the ability to knock down the minus strand *Cx3cr1* 28kb eRNA reduced *Cx3cr1*, but not *Mmp9* or *Csrnp1* expression ([Fig. 3d](#F3){ref-type="fig"}).

As a third approach, we examined the functional significance of the *Mmp9* and *Cx3cr1* eRNAs using an enhancer assay guided by 5'GRO-Seq definition of eRNA start sites. The 983 bp sequence upstream of *Mmp9* that confers Rev-Erb-regulated enhancer activity in RAW264.7 cells encompasses a 388 bp central region containing the binding sites for PU.1, C/EBPs, AP-1 and Rev-Erbs, as well as start sites of plus and minus-strand eRNAs ([Fig. 4a](#F4){ref-type="fig"}). Notably, the 388 bp core was significantly less active than the 983 bp sequence, which encodes the eRNAs ([Fig. 4b](#F4){ref-type="fig"}). Expression of the plus-strand eRNA from the 983 bp enhancer was confirmed by RT-PCR using a reporter-specific primer for first strand cDNA synthesis ([Fig. 4c](#F4){ref-type="fig"}). Addition of DNA encoding the plus-strand eRNA, but not the minus-strand eRNA, restored transcriptional activity to the 388 bp core ([Fig 4d](#F4){ref-type="fig"}), consistent with the finding that siRNAs and ASOs directed against the plus-strand eRNA resulted in reduction of *Mmp9* mRNA expression. A similar activity of the plus strand eRNA was observed when the 983 bp or core enhancer elements were inserted in the reverse orientation ([Supplementary Fig. 15](#SD1){ref-type="supplementary-material"}). Similarly, the central 210 bp of the *Cx3cr1* 28 kb enhancer containing PU.1 and Rev-Erb binding sites was less active than a 967 bp fragment encoding plus and minus strand eRNAs. Adding back the minus strand eRNA, but not the plus strand, restored the activity of the enhancer core ([Supplementary Fig. 16](#SD1){ref-type="supplementary-material"}), consistent with the results of the siRNA and ASO experiments.

We next reversed the orientation of the eRNA-coding sequences relative to the enhancer cores, thereby retaining any putative transcription factor binding sites but completely changing the sequence of any potential eRNA product. In the "flipped" *Mmp9* plus eRNA construct, *Mmp9* enhancer activity was reduced to a level comparable to the 388 bp-core despite production of an 'antisense' eRNA ([Fig 4c](#F4){ref-type="fig"} and [S15](#SD1){ref-type="supplementary-material"}). Corresponding results were obtained for the *Cx3cr1* enhancer ([Supplementary Fig. 16](#SD1){ref-type="supplementary-material"}). As even broadly expressed genes are often under the control of cell-specific enhancers, these findings raised the question of whether enhancers might be considered as targets for cell-specific manipulation of gene expression *in vivo*. To explore this possibility, we induced sterile peritonitis in mice and investigated the ability of siRNAs directed against the *Mmp9* −5kb plus strand eRNA to alter Mmp9 mRNA expression. Using lipofectamine-siRNA delivery^[@R21]^, the eRNA-specific siRNA, but not a control siRNA, reduced expression of the −5kb plus strand eRNA and the *Mmp9* primary transcript, as was observed in *in vitro* ([Fig. 4e](#F4){ref-type="fig"}).

In concert, we provide evidence that Rev-Erbs function to repress macrophage gene expression by repressing transcription from enhancers that are selected by macrophage lineage-determining factors. The recent finding of widespread enhancer transcription raises the question of whether eRNAs represent 'noise' due to spurious transcription from regions of open chromatin, reflect an important role of enhancer transcription itself, or directly contribute to enhancer function. Our findings suggest that at least some eRNAs make a quantitative contribution to enhancer function, in agreement with findings for noncoding RNAs expressed in the vicinity of the p53 and SNAI1 genes^[@R22],[@R23]^. These results do not exclude transcription-independent functions of the enhancer core or roles of enhancer transcription unrelated to the eRNA product. A major goal for the future will be to establish functional relevance of eRNAs *in vivo*. As the expression of many widely expressed genes appears to be controlled by cell-restricted enhancers, the expression of such genes might be altered in a cell-restricted manner by targeting corresponding functional eRNAs. Recent advances in development of chemically modified antisense oligonucleotides that can effectively reduce RNA expression *in vivo*^[@R24]^ could potentially enable this effort, suggesting the possibility of an 'enhancer therapy' approach to the treatment of disease.

Full Methods {#S2}
============

Reagents and expression plasmids {#S3}
--------------------------------

Rabbit anti-PU.1 (SC-352) was from Santa Cruz Biotechnology. Rabbit anti-H3K4me1 (8895) was purchased from abcam. Rabbit anti-H3K9ac (07-352) was purchased from Millipore. Expression constructs for Rev-Erbα (amino acid 1-614), Rev-Erbβ (amino acid 1-576), and RORα (amino acid 1-460) were cloned into p3XFlag-CMV7.1 (Sigma) at NotI and BamHI sites. The following primers were used. Rev-Erbα: 5′-AGCTTGCGGCCGCTATGACGACCCTGGACTCC-3′, 5′-ATTACGGATCCTCACTGGGCGTCCACCCG-3′; Rev-Erbβ: 5′-AGCTTGCGGCCGCTATGGAGCTGAACGCAGGA-3′, 5′-ATTACGGATCCTTAAGGATGAACTTTAA-3′; RORα: 5′-AGCTTGCGGCCGCTATGAAAGCTCAAATTGAA-3′, 5′ ACCCGGGATCCTTACCCATCGATTTGCATG-3′. Mutation of the DNA binding domain of Rev-Erbβ was generated using QuickChange II site directed mutagenesis (Stratagene). The cysteines in the zinc finger domain (Rev-Erbβ, amino acid 133 and 136) were mutated to alanines using the following oligos, with mutated sequence underlined: Rev-Erbβ sense 5′-AGTGGCATGGTTCTACTG[GC]{.ul}TAAAGTCGCTGGGGATGTGGCATCAGG-3′ antisense, 5′-CCTGATGCCACATCCCCA[GC]{.ul}GACTTTA[GC]{.ul}CAGTAGAACCATGCCACT-3′.

Rev-Erb DKO mice and genotyping {#S4}
-------------------------------

Mice with floxed alleles for Rev-Erbα and Rev-Erbβ were prepared as described ^[@R25]^. *Rev-Erb*α*^flox/flox^*; *Rev-Erb*β*^flox/flox^* mice were crossed with *Tie2-Cre; Rev-Erb*α*^flox/flox^*; *Rev-Erb*β*^flox/flox^* to obtain hematopoietic specific knockout of Rev-Erbs deletion. Littermates without *Tie2-Cre* transgene were used as control groups. DNA were harvested from tail and macrophages, and standard PCR protocol was used for genotyping. The *Tie2-Cre* transgene was detected using primers 5'GCATTACCGGTCGATGCAACGAGTGATGAG-3′ and 5′-GAGTGAACGAACCTGGTCGAAATCAGTGCG-3′, yielding a 408 bp PCR product. Genotyping PCR primers 5′-TCTCCGTTGGCATGTCTAGAGATGG-3′ and 5′-GAAGAGTGTGTGTTTGCCCAAGAGG-3′ distinguish wild type (191 bp) and floxed (332 bp) alleles in Rev-Erbα locus. Genotyping PCR primers 5′-GGTTAGGTTTGTGAGTGTCCACAGC-3′ and 5′-AAGTGCTCCAACAAGGTAGTGCA-3′ distinguish wild type (236 bp) and floxed (377 bp) alleles in Rev-Erbβ locus.

Generation of Biotin-Tagged Rev-Erbα and Rev-Erbβ {#S5}
-------------------------------------------------

Details on generating biotin-tagged protein stably expressed in RAW264.7 macrophages was previously published ^[@R11]^. Briefly, Rev-Erbs were fused in frame at the N terminus with amino acid peptide MAGGLNDIFEAQKIEWHEDTGGGGSGGGGSG[ENLYFQS]{.ul} containing a biotin ligase recognition peptide (BLRP) and a TEV protease specific cleavage sequence (underlined). BLRP-empty, -Rev-Erbα, or -Rev-Erbβ expression plasmid were transfected into RAW264.7 macrophages engineered to stably express BirA. G418 (275 ng/mL) and puromycin (2.5 μg/mL) were used for stable selection. Multiple stable cell lines were isolated and screened for BLRP Rev-Erb expression and biotinylation by western blot using anti Avi-tag antibody specifically recognizing the BLRP tag (Genscript) or HRP-streptavidin (Jackson Immunoresearch), respectively.

The following primers were used for cloning full length Rev-Erbα and Rev-Erbβ at the NotI/PmelI sites in BLRP-expression construct. BLRP-Rev-Erbα, AGCTTGCGGCCGCTATGACGACCCTGGACTCC, AGCTTTGTTTAAACTCACTGGGCGTCCACCCG; BLRP-Rev-Erbβ, AGCTTGCGGCCGCTATGGAGCTGAACGCAGGA, AGCTTTGTTTAAACTTAAGGATGAACTTTAA.

ChIP-Seq {#S6}
--------

Detailed protocols for antibody based-ChIP experiments were published ^[@R11]^. ChIP for biotinylated Rev-Erbs was performed as described ^[@R11]^ with the following modifications. Sonicated chromatin was incubated with BSA-blocked streptavidin T1 Dynabeads (Invitrogen) overnight at 4 °C with rotation. The captured biotin-streptavidin complex were washed, and samples were equilibrated in TEV buffer (50 mM Tris/HCl pH 8.0, 100 mM NaCl, 0.1% NP-40 (CA630), 0.5 mM EDTA) for 5 min at RT, followed by AcTEV protease (Invitrogen) digestion (5-10 U) for 1 hr at RT in 40 μL TEV buffer. The streptavidin-conjugated beads were eluted again with TEV buffer with 10 min incubation at RT. Eluted samples were reverse cross-linked, RNAseA and Proteinase K treated following standard ChIP protocol^[@R11]^. ChIP fragments were ligated to Genomic adaptor (Illumina) or NEXTflex DNA barcodes adaptors (BioO Scientific). Adaptor ligated DNA fragments were size selected (150-250 bp), PCR amplified, and sequenced on Illumina Genome Analyzer or HiSeq system according to the manufacturer's instructions.

HOMER for ChIP-Seq analysis and de novo motif discovery {#S7}
-------------------------------------------------------

ChIPseq peak identification, quality control, and motif analysis were performed using HOMER (<http://biowhat.ucsd.edu/homer>) as described ^[@R11],[@R16]^. Peaks from separate experiments were considered co-bound if their peak centers were located within 200 bp of each other. For de novo motif analysis, transcription factor motif finding was performed on + 100 bp relative to the peak center defined from ChIP-Seq. Peak sequences were compared to random genomic fragments of the same size and normalized G+C content to identify motifs enriched in ChIP-Seq targeted sequence. To generate histogram for average distribution of tag densities, position corrected, normalized tags in 40 bp windows were tabulated within the indicated distance + from specific sites in the genome (i.e. Rev-Erb binding sites). Clustering plots for normalized tag densities at each genomic region were generated using HOMER and then clustered using Cluster ([http://bonsai.hgc.jp/\~mdehoon/software/cluster/](http://bonsai.hgc.jp/mdehoon/software/cluster/)) and visualized using Java TreeView ^[@R26]^.

Global Run-On Sequencing {#S8}
------------------------

Global run-on and library preparation for sequencing was described previously ^[@R16]^. Four 10-cm plates of confluent BMDM from WT control Rev-Erb DKO were used as starting material. Two biological samples were used per group. Approximately 10 million nuclei per sample were extracted and used for run-on and BrU incorporation.

BrU labeled nascent transcripts were immunoprecipiated with anti-BrU agarose beads (Santa Cruz Biotech), washed, eluted and precipitated in ethanol. BrU precipitated RNA were subjected for first strand complementary DNA synthesis. First, polyA tailed was added using Poly(A)-polymerase (NEB). Reverse transcription was then performed using Scriptscript III Reverse Transcriptase (Invitrogen) with oNTI223 primer (5′-pGATCGTCGGACTGTAGAACTCT;CAAGCAGA AGACGGCATACGATTTTTTTTTTTTTTTTTTTTVN-3′) where the p indicates 5′ phosphorylation, ';' indicates the abasic dSpacer furan and VN indicates degenerate nucleotides. Subsequently, excess oNTI223 primers were removed by Exonuclease I (Fermentas). First-strand cDNA products were fragment with basic hydrolysis and size-selected (105-400 nt) in a 10% polyacrylamide TBE-urea gel (Invitrogen).

cDNA was subsequently circularlized using CircLigase (Epicentre), and relinearized at the basic dSpacer furan with ApeI (NEB). The ssDNA template was amplified to generate DNA for sequencing by Phusion Hig-Fidelity DNA Polymerase (Thermo Science) with primers oNTI200 (5′-CAAGCAGAAGACGGCATA-3′) and oNTI201 (5′-AATG ATACGGCGACCACCGACAGGTTCAGAGTTCTACAGTCCGACG-3′). PCR product was purified and size selected (140-225 bp) by gel electrophoresis on a non-denaturing 8% polyacrylamide TBE gel (Invitrogen). Purified DNA was then sequence on Illumina Genome Analyzer II according to the manuactuere's instructions with small RNA sequencing primer 5′-CGACAGG TTCAGAGTTCTACAGTCCGACGATC-3′.

5′-GRO-Seq {#S9}
----------

For each RAW264.7 cell line, 20×10^6^ nuclei were prepared from approximately 30×10^6^ cells. Nuclear run-ons were performed in parallel on 100 μl aliquots containing 5×10^6^ nuclei as for conventional GRO-Seq. Reactions were stopped and RNA was extracted with 450 μl TRIzol LS reagent (Invitrogen) each according to the manufacturer's instructions. Following DNase treatment, the RNA was hydrolyzed in 20 μl total volume with 2 μl RNA fragmentation buffer (Ambion) for 10 minutes, and divalent cations were removed by gel filtration. Fragmented RNA was then 3′-dephosphorylated with polynucleotide kinase (Enzymatics), for 2 h at 37°C. The reaction was stopped with EDTA and PNK was inactivated and RNA denatured by heating the reaction to 75°C for 5 minutes, then cooled on ice for 2 minutes. BrdU-containing RNA fragments were precipitated using anti-BrdU agarose beads. The resulting RNA was dephosphorylated with calf intestinal phosphatase (NEB) and 5′-de-capped with tobacco acid pyrophosphatase (Epicentre). The reaction was stopped and RNA was extracted with Trizol LS, and libraries were prepared by ligating Illumina TruSeq-compatible adapters to the RNA 3′ and 5′ ends with truncated mutant RNA ligase 2 (K227Q) and RNA ligase 1 (NEB), respectively, followed by reverse transcription, cDNA isolation, and PCR amplification for 12 cycles. Final libraries were size-selected on PAGE/TBE gels to 60-110 bp insert size. A detailed protocol is available on request.

Genome-wide gene expression analysis with GRO-Seq {#S10}
-------------------------------------------------

GRO-Seq analysis of genome-wide gene expression was performed by HOMER followed by edgeR ^[@R27]^. Briefly, HOMER was used to generate a gene expression matrix by identifying uniquely mapped RNA tags to gene bodies based on RefSeq annotation for the mouse genome (mm9). Statistical analysis for differential expression was performed using edgeR ^[@R27]^ on raw sequencing reads from WT and Rev-Erb DKO macrophages with two biological replicates per group. Genes with p \< 0.005 were considered as differentially expressed.

Enhancer-associated RNA analysis {#S11}
--------------------------------

To examine regulation of eRNA expression, putative enhancers sites were first defined based on ChIP-Seq enrichment of H3K4me1 and H3K4me3 flanking + 1000 bp from the center of the transcription factor of interest. Putative enhancers were defined by the following criteria: 1) Regions are at least 2 kb away from annotated transcription start sites. 2) Regions have at least 16 tags from H3K4me1 ChIP-Seq normalized to 10 million tags. And 3) normalized ChIP-Seq tag count for H3K4me1 is greater than H3K4me3. HOMER was used to quantitate eRNA expression by tabulating normalized GRO-Seq tags within + 800 bp from the center of Rev-Erb or PU.1-bound intergenic enhancers. For 5'GRO Seq experiment, tag counts within + 250 bp of enhancers were tabulated. Histograms of RNA distribution at indicated enhancers were generated by tabulating average normalized RNA tag counts in resolution of 40 bp within 2 kb + from centers of specified genomic sites (e.g. Rev-Erb enhancers). Only enhancers with \> 4 tags from GRO-Seq or 5'GRO-Seq within the specified window were included in expression analysis.

Analysis of correlation between eRNA to nearby protein coding gene was performed by examining differential expression of eRNA to that of the nearest expressing protein-coding genes. Briefly, Rev-Erb bound enhancers were assigned to the nearest expressing annotated genes defined by having at least 20 sequencing tags normalized to the length of the gene body. Differential expression of eRNA was determined by GRO-Seq from Rev-Erb DKO versus WT control, or by 5'GRO-Seq from Rev-Erbα overexpressing macrophages to control. Differential expression of annotated protein coding genes was determined by GRO-Seq in Rev-Erb DKO experiments. The data set was categorized as UP, NO CHANGE, and DOWN based on the differential expression of the eRNA. For Rev-Erb DKO GRO-Seq, eRNA with \> 1.5-fold changes in GRO-Seq signal was considered differentially expressed; for Rev-Erbα overexpression experiment, 2.0-fold in 5'GRO-Seq signal. Spearmen rank correlation was used to test whether changes in eRNA and the corresponding protein coding gene covary.

Construction of enhancer reporters {#S12}
----------------------------------

For construction of Rev-Erb enhancer reporter plasmids, 900-1100 bp of sequence centered on Rev-Erb-bound sites flanked by demarcation of H3K4me1 were PCR amplified and cloned into the pGL4-TATA-TK at the BamHI/SalI sites downstream of the luciferase reporter gene as previously described ^[@R11]^. The following primers were used to PCR amplify enhancer sequences from mouse genomic DNA. *Arhgap25* 33 kb enhancer: 5′-GATCGTCGACTTTCCATGGGTCCAGAGATG-3′; 5′-GATCGGATCCAGCAGGCTGGGATATGAGTG-3′. *Cx3cr1* 9.8kb enhancer: 5′-GATCGGATCCTACACCTGCACAAGCACACA-3′; 5′-GATCGTCGACAACTGGGCGGAAATTGTAAA-3′. *Cx3cr1* 28 kb enhancer: 5′-GATCGGATCCGACCCTGGGTTGTCAGTAGG; 5′-GATCGTCGACACTTATGGGGGAGGATCTGG-3′. *Eif2c4* -20 kb enhancer: 5′-GATCGTCGACCCCTCAAAGCTAACCATCCA-3′; 5′-GATCGGATCCAAAGTCATGCGAGACCTGAAA-3′. *Mmp9* −5kb enhancer: 5′-GATCGGATCCGTGGCTCAGCATCAGGAAAT-3′; 5′-GATCGTCGACACTTGGCAGGCAGAGTGAGT-3′. *P4Ha2* 55 kb enhancer: 5′-GATCGGATCCGCCACAGCTCTGCTTTATGG-3′; 5′-GATCGTCGACGCTCACTGGCCTTGCTAACT-3′. *Slc7a8* 27 kb enhancer: 5′-GATCGTCGACCTGCATCCCGACTCATACCT-3′; 5′-GATCGGATCCTTCCAGCAAGCACTCTTTCA-3′. As negative control, a genomic region devoid of Rev-Erb binding and other enhancer-like features was used (chr5:30,278,928-30,279,847: 5′-gatcGGATCCAGTTCCATGTCCAGCGAATC-3′; 5′-gatcGTCGACGGAGCAAGGAGGGAGAGAG-3′).

For experiments testing functional significance of eRNA coding sequences for *Mmp9* and *Cx3cr1*, various alterations of the enhancers were cloned into BamHI/SalI site downstream of the luciferase gene in pGL4 reporter driven by *Mmp9* and *Cx3cr1* promoter, respectively. Inversion of the eRNA coding sequence relative to the core element of *Mmp9* (388 bp) and Cx3cr1 (210 bp) was achieved by Flip-PCR ^[@R28]^.

The following primers were used for constructing each enhancer variants. *Mmp9* −5kb, 388 bp core enhancer: 5′-GATCGGATCCGGAAGCCGTTCCTTATCTCC-3′, 5′-GATCGTCGACTACACCCTGCTCACCAACAC-3′. Plus eRNA WT: 5′-GATCGGATCCGACTCAGGACTCCAGGTCTAG-3′, 5′-GATCGTCGACACTTGGCAGGCAGAGTGAGT-3′. Minus eRNA WT: 5′-GATCGGATCCGTGGCTCAGCATCAGGAAAT-3′, 5′-GATCGTCGACTACACCCTGCTCACCAACAC-3′. Plus eRNA flipped: flanking primer 1, 5′-GATCGTCGACTGTGTGGGGGTGGCAATGGA-3′, internal primer 1, 5′-GTGTTGGTGAGCAGGGTGTAACTTGGCAGGCAGAGTGAGT-3′; flanking primer 2, 5′-GATCGGATCCGACTCAGGACTCCAGGTCTAG-3′, internal primer 2 5′-ACTCACTCTGCCTGCCAAGTTACACCCTGCTCACCAACAC-3′. Minus eRNA flipped: flanking primer 3, 5′-GATCGGATCCACTCACTGGCAGATTACACAGC-3′, internal primer 3 5′-CTAGACCTGGAGTCCTGAGTCGTGGCTCAGCATCAGGAAAT-3′; flanking primer 4, 5′-GATCGTCGACTACACCCTGCTCACCAACAC-3′, internal primer 4 5′-ATTTCCTGATGCTGAGCCACGACTCAGGACTCCAGGTCTAG-3′. *Cx3cr1* 28 kb, 210 bp core enhancer: 5′-TTCAGGGATCCGCTGAGAGTTGCAGCATTGC-3′, 5′-TATTTGTCGACCTTGCTTGTTTCTTAAGCTCC-3′; Plus eRNA WT: 5′-TTCAGGGATCCGCTGAGAGTTGCAGCATTGC-3′, 5′-AGCATGTCGACACTTATGGGGGAGGATCTGG-3′; Minus eRNA WT: 5′-ATCGTGGATCCGACCCTGGGTTGTCAGTAGG-3′, 5′-TATTTGTCGACCTTGCTTGTTTCTTAAGCTCC-3′; Plus eRNA flipped: flanking primer 1, 5′-TTCAGGGATCCGCTGAGAGTTGCAGCATTGC-3′, internal primer 1, 5′-ATCCTCCCCCATAAGTCTTGCTGTTTCTTAAGCTCC-3′; flanking primer 2, 5′-TAAGAAACAGCAAGACTTATGGGGGAGGATCTGG-3′. Internal primer 2, 5′-ATTATGTCGACGCTTAAAAATAAACCTC-3′. Minus eRNA flipped: flanking primer 3, 5′-TATTTGTCGACCTTGCTTGTTTCTTAAGCTCC-3′, internal primer 3, 5′-CTGACAACCCAGGGTCGCTGAGAGTTGCAGCA-3′, flanking primer 4, 5′-TGCTGCAACTCTCAGCGACCCTGGGTTGTCAG, internal primer 4, 5′-AAGATGGATCCAACCAGCTGAAGATCAGCAG-3′. The promoter of *Mmp9* and *Cx3cr1* were each cloned into XhoI/BglII sites upstream of the luciferase gene in, respectively, pGL4-11 and pGL4-10 based vector with neomycin resistance gene. The following primers was used for promoter PCR amplification: *Mmp9*: 5′-GATCCTCGAGTGCCAAAGCTTTCCTGAGTG-3′, 5′-GATCAGATCTGGTGAGGACCGCAGCTTCT-3′. *Cx3cr1*: 5′-ATCGGCTAGCTCTAGCCTCCCTGGGCACAT-3′, 5′-TGCAAAGCTTCTCAAGTTACGAGCGTGCAA-3′.

Enhancer reporter experiments {#S13}
-----------------------------

Enhancer reporters were transfected into RAW264.7 macrophages using SuperFect (Qiagen) as described previously ^[@R11]^, using 300 ng of enhancer reporter and 200 ng of beta-actin promoter driven beta-galactosidase. Plasmids were complexed with 5 μL of SuperFect per 400 μL of medium in 24-well culture plate (Corning) seeded with 1 x 10^5^ cells 24 hr prior to transfection. Luciferase activity was measured 24 hr post transfection using a Veritas microplate luminometer (Turner Biosystems) and normalized to beta-galactosidase activity (Applied Biosystem) for transfection efficiency. Each experiment was performed at least three independent times, with each reaction done in triplicates. Data represented mean + s.d., and statistical significance was determined by one-way ANOVA followed by Tukey HSD test.

RNA isolation and RT-PCR {#S14}
------------------------

Total RNA from macrophages was harvested using RNEasy Kit (Qiagen) followed by DNAse treatment using DNase (Qiagen) or TurboDNAse (Ambion) according to the manufacturer's instruction. Total RNA (0.5-2 μg) was used for complementary DNA synthesis using Superscript III Reverse Transcriptase (Invitrogen) with random hexamers. No template controls were prepared by excluding reverse transcriptase from first strand cDNA synthesis. Quantitative transcript analysis was performed on an Applied Biosystems 7300 Real-time PCR system or Step One Plus using SYBR GreenER qPCR mastermix (Invitrogen). Values are normalized for 36B4 mRNA content. A modified ΔΔCT method, which incorporates PCR efficiencies, was used to determine relative expression of RNA.

For detection of RNA expression from enhancer reporter, strand-specific primers were designed to anneal at plasmid-specific sequence for first strand cDNA synthesis. These primers anneal to 22 and 87 base pair downstream of the SalI cloning site -- pGL4_RT_en3 (CGAGTTGCATGATAAAGAAGA) and pGL4_RT_en3a (AGGAGCTGACTGGGTTGAAG). Total RNA harvested from RAW264.7 macrophages stably transfected with enhancer reporter (500 μg/mL G418) were isolated as described above. DNA was harvested, and primers annealing to the luciferase gene were use for Q-PCR to control for transfection efficiency.

Primers for quantitative PCR are as follows: *Mmp9* mRNA (CATTCGCGTGGATAAGGAGT, GAAACTCACACGCCAGAAGA); *Mmp9* plus eRNA 1 (AAGATGGGGGAAATGGTAGG, ACTTGGCAGGCAGAGTGAGT); *Mmp9* plus eRNA 2 (CCCACTGCTTACCCACTGTT, TCGACACAACCTACCATTTCC); *Mmp9* minus eRNA (TGGAGTCCCACAAAATCCTC, TAGCTCAACTGTGGGGTGTG); *Mmp9* primary RNA transcript (AAGCGGACATTGTCATCCA, CAGGCATAAGAGCGGACAG); *Cx3cr1* mRNA (AGTTCCCTTCCCATCTGCTC, AATGTCGCCCAAATAACAGG); *Cx3cr1* 28kb eRNA 1 (CTGCCTCAGGGAGAAACAAG, CTGCAACTCTCAGCAACCAG); *Cx3cr1* 28kb eRNA 2 (GCACCTACAATGTAATGACCTCTTTC, GATGCCCTCCGCCATTC); *NCoA5* (CCTGGCCCAGAGAGTCAA, ACAGGCCTCTCAGCATCAAA); *Csrnp1* (TCCTGTGGCCTCCAGAGTTT, GGCACCGTGGGAAATAGTAG); *Rev-Erbα* DBD (AGAGATGCTGTGCGTTTTGG, AGGCTGCTCAGTTGGTTGTT); *Rev-Erbα* C' (AGGCTTCCGTGACCTTTCTC, TCACTGTCTGGTCCTTCACG); *Rev-Erbβ* (AGTGGCATGGTTCTACTGTGT, GCTCCTCCGAAAGAAACCCTTA); *cyclopilin A* (GGGTTCCTCCTTTCACAGAA, GATGCCAGGACCTGTATGCT); *36B4* (AGGGCGACCTGGAAGTCC, CCCACAATGAAGCATTTTGGA); *Luciferase (*ACGTGCAAAAGAAGCTACCG, ATGGGAAGTCACGAAGGTGT).

siRNA transfection {#S15}
------------------

Non-targeting control and siRNAs directed against *Mmp9* and *Cx3cr1* eRNA (Dharmacon) were transfected into ThioMacs with DeliverX (Affymetrix) according to manufacturer's protocol, or into BMDM with Lipofectamine 2000 (Invitrogen) using 100 nM siRNA as described previously ^[@R21]^. RNA was harvested from transfected macrophages 20-24 hr post-transfection.

The following siRNA oligos were used for in vitro studies, and the underlined siRNA were used for in vivo experiments. siGENOME Non-targeting siRNA pool \#2 (Thermo Science, D-001810): [UAAGGCUAUGAAGAGAUAC]{.ul}, AUGUAUUGGCCUGUAUUAG, [AUGAACGUGAAUUGCUCAA]{.ul}, UGGUUUACAUGUCGACUAA. Custom siRNA for Mmp9 *eRNA*: [GGUCACACAAUGAGCUGAAUU]{.ul}, [AGAAAGAACCAGCAGCAAUUU]{.ul}. Custom siRNA for Cx3cr1 *eRNA*: CCUCUAAGAUGGCCAGUAAUU, UUACUGGCCAUCUUAGAGGUU.

Antisense oligonucleotide design {#S16}
--------------------------------

All ASOs used in this study contained a full phosphorothioate backbone and a 10 base 2′-deoxynucleoside gap flanked by 2'modified nucleosides. These 2′-modified nucleosides were either 2′-O-(2-methoxyethyl) (MOE) or constrained 2′-O-ethyl (cET) modifications. The motif for the ASOs targeting *Mmp9* eRNA tested was eek-10-kke where "e" represents MOE, "k" represents cEt and "-10-" represents the 10 base DNA gap. For the plus and minus *Cx3cr1* eRNAs the motif used was kkk-10-kkk. ASOs were synthesized and purified as described previously ^[@R29],[@R30]^. For each target strand, 78 test ASOs were screened for reduction of target RNA. A positive control targeting the coding sequence of MMP9 and a negative control matching no mouse transcripts were included. Two ASOs that resulted in maximum reduction of *Mmp9* eRNA: ISIS 566237 (5′-ATTGTGTGACCCCAGC) and ISIS 566241 (5′-CAAGCTTCAGCTCATT) were selected for further studies. In addition, ASOs targeting the *Cx3cr1* minus strand eRNA, Isis \# 586596 (5′-TATGGCTGCCTCAGGG) and 586600 (5′-TGAGGAGTTTTCCCAT) were used. All oligos were designed to not contain G-strings with 4Gs or 2 sets of 3Gs in a row to prevent non antisense mediated effects ^[@R29]^.

Antisense oligonucleotide (ASO) transfection {#S17}
--------------------------------------------

For the antisense oligonucleotide experiments, ASOs targeting the *Mmp9* plus strand eRNA, Isis \#566237 (*Mmp9* eRNA 1, GCACCTTTCCCTCGGATGGG ) and 566241 (*Mmp9* eRNA 2, ATTGTGTGACCCCAGC), and ASOs targeting the *Cx3cr1* minus strand eRNA, Isis \# 586596 (*Cx3cr1*, TATGGCTGCCTCAGGG) and 586600 (*Cx3cr1*, TGAGGAGTTTTCCCAT) were used. These oligos are an eek-10-kke chemistry where "e" refers to 2′-O-methoxyethyl (2'MOE) modifications and "k" refers to a cET (constrained ethyl) modification. The "10" refers to a gap segment consisting of ten linked deoxynucleosides. A non-targeting ASO, Isis \#129700 (TAGTGCGGACCTACCCACGA, a 5-10-5 MOE gapmer), and a *Mmp9* mRNA-targeted ASO, Isis \# 535522 (GCACCTTTCCCTCGGATGGG, a 5-10-5 MOE gapmer) were used as controls. For the experiments with ASOs directed against the *Mmp9* plus strand eRNA, oligos at a concentration of 100 nM were transfected into 1.5-2.5 million ThioMac using Cytofectin (Gene Therapy Systems) in Opti-MEM reduced serum medium (Invitrogen) at a concentration of 3.5ug cytofectin/ml. Experiments with the ASOs targeting the *Cx3cr1* minus strand eRNA (40nM) were conducted in confluent WT BMDM also using Cytofectin. Macrophages were incubated with ASO:Cytofectin complex for 4 hrs in 37 °C with 5% CO2, then replaced with RPMI medium containing 10% FBS (Hylcone), 100 U/mL of Penicillin and 100 mg/mL of Streptomycin (Invitrogen). Macrophages were harvested for RNA analysis after 16-24 hr post-transfection.
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![Rev-Erb binding and function at macrophage-specific enhancers\
**a**, Cluster plot of ChIP-Seq signals for the indicated transcription factors and histone marks flanking 2 kb from the center of 1,544 Rev-Erb binding sites. **b**, Genomic loci of *Mmp9* and *Cx3cr1* with ChIP-Seq signals for the indicated transcription factors and histone marks. The locations of the −5 kb *Mmp9* and 28 kb *Cx3cr1* enhancers are indicated at top. **c**, Top-enriched transcription factor motifs identified by *de novo* motif discovery at Rev-Erb bound loci. **d**, Q-PCR analysis of *Mmp9* and *Cx3cr1* mRNA in Rev-Erb DKO macrophages (N = 8, and N WT DKO = 7) and **e**, in RAW264.7 macrophages engineered to stably express BLRP-Rev-Erbα (N~ctrl~ = 17, Nalpha = 18 independent lines). Data represent mean + s.e.m. P-value \*\*, P \< 0.01, §, P \< 0.005 versus control by two tail Student's t-test.. **f**, Box and whisker plot of distances of nearest Rev-Erb binding sites to genes exhibiting significant up or down regulation in Rev-Erb DKO macrophages in comparison to all genes. The edges of the box represent the first and third quartile, and the whiskers indicated 1.5X of the interquartile range. \*\* p\<0.005. **g**, Assessment of enhancer activity of the −5 kb *Mmp9* Rev-Erb binding region. Luciferase reporter was cotransfected with an empty (Flag3X), Rev-Erbα or Rev-Erbβ expression construct. §, P \< 0.005, ANOVA by Tukey HSD test.](nihms-471463-f0001){#F1}

![Rev-Erb negatively regulates enhancer transcription\
**a**, Cluster plot of tag counts for H3K4me1 and H3K4me3 ChIP-Seq, 5'GRO-Seq and GRO-Seq at 544 intergenic Rev-Erb bound, H3K4me1^hi^ H3K4me3^lo^ regions. **b**. Genomic loci for *Mmp9* and *Cx3cr1* showing indicated tag counts for GRO-Seq, 5'GRO-Seq and Rev-Erbβ. **c**, Distribution of averaged macrophage GRO-Seq eRNA signal in macrophages flanking Rev-Erb intergenic sites defined in macrophages (n = 544, blue) and Rev-Erb intergenic sites defined in liver (n = 521, red^[@R8]^). **d**, Distribution of average 5'GRO-Seq signal from Rev-Erbα overexpressing (green) and control RAW264.7 macrophages (black) flanking the top 100 Rev-Erb-sites. **e**, Q-PCR analysis of the −5kb *Mmp9* and 28kb *Cx3cr1* eRNAs in Rev-Erb DKO (top, N WT = 6, and N DKO = 5) and **f**, Rev-Erbα overexpressing RAW264.7 macrophages (bottom, N~ctrl~ = 13, Nalpha = 14 independent lines). Data represent mean + s.e.m. \*, P \< 0.01, § P \< 0.005, versus control by two tail Student's t-test.](nihms-471463-f0002){#F2}

![Reduction of eRNA expression results in reduced expression of nearby mRNAs\
**a**, Q-PCR analysis of *Mmp9* eRNA, and *Mmp9*, *NCoA5* and *Cx3cr1* mRNAs for wildtype and *Rev-Erb DKO* thioglycollate-elicited macrophages transfected with Ctrl or *Mmp9* eRNA siRNA (N WT = 4, and N DKO = 4). **b**, Q-PCR analysis of *Cx3cr1* eRNA, and *Cx3cr1, Csrnp1* and *Mmp9* mRNAs for wildtype and *Rev-Erb DKO* bone marrow-derived macrophages transfected with siRNA targeting *Cx3cr1* eRNA (N WT = 6, and N DKO = 5). **c**, Q-PCR analysis of *Mmp9* eRNA and *Mmp9* and *Cx3cr1* mRNAs in thioglycollate-elicited macrophages transfected with the indicated antisense oligonucleotides (ASO, n = 3-7 per condition). **d**, Q-PCR analysis of *Cx3cr1* eRNA and *Cx3cr1, Mmp9 and Csrnpl* mRNAs in BMDMs transfected with the indicated antisense oligonucleotides (ASO, n = 3-7 per condition). Data in a-d represent mean + s.d., with expression normalized to 36B4 in all cases. For a-b, statistical significance was determined by two tails Student's t-test; for c-d, one-way ANOVA with Tukey HSD test. P value, \* P \< 0.05, § P \< 0.005 versus control.](nihms-471463-f0003){#F3}

![eRNA contribution to enhancer activity and consequences of knockdown *in vivo*\
**a**, Experimental design for testing eRNA coding sequences. 983 bp of the *Mmp9* enhancer was cloned downstream of the luciferase reporter gene driven by the *Mmp9* promoter. The yellow box represents the 388 bp core mediating transcription factor binding as indicated by the ChIP-Seq tracks. Positions of transcription factor motifs are indicated in blue. Directional arrows represent eRNA transcription start sites defined by 5'GRO-Seq that give rise to 'Plus eRNA' and 'minus eRNA' as indicated. The locations of RT and PCR primers for detecting plasmid-directed eRNAs are indicated. **b**, Luciferase activity of the indicated reporter constructs in RAW264.7 macrophages. Bars represent mean normalized values from 8 independent experiments + s.d, (§ P \< 0.005 versus all other indicated conditions). **c**, RT-PCR of Mmp9 plus eRNA normalized to the copy number of the indicated transfected plasmid DNA. Gel electrophoresis of PCR with or without RT is indicated on top. ND = not detected. **d**, Enhancer reporter assays performed as in b with the indicated luciferase reporters. Dashed lines represent inversions of the plus or minus DNA sequence relative to the core enhancer element (yellow) (bars represent mean normalized values from 5 independent experiments + s.d., § P \< 0.005 versus all other indicated conditions). Statistical significance was determined by one-way ANOVA followed by Tukey HSD test. **e**, Sterile peritonitis was initiated by intraperitoneal injection of thioglycollate on day 0. Mice were injected with lipofectamine-siRNA complexes on day 1, and peritoneal exudate cells were recovered for analysis of *Mmp9* eRNA, *Mmp9* primary RNA, *NCoA5*, and *Cx3cr1* mRNA on day 3 (n = 15 per condition). Values were normalized to the average of *36B4* and *cyclopilin A* mRNA. \*, *P* \< 0.05 versus siControl as determined by two tailed Student's t-test.](nihms-471463-f0004){#F4}
